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ABSTRACT 


Changes  and  additions  were  made  to  the  tvo-site  Active  Svept 
Frequency  Interferometer  Radar  (ASFIR)  to  provide  three-site 
capability.  Addition  of  the  second  base  line  (3rd  Site)  required 
a  new  angle  tracker,  timing  and  logic  modifications,  new  mrc'e 
selection  logic  and  revised  data  formatting.  Distribution  and 
generation  of  new  RF  signals  were  also  required.  New  capability 
designed  into  the  modification  program  included  extended  unambiguous 
range  tracking  to  3^00  nmi,  reduction  of  system  timing  jitter, 
frequency  multiplexing  of  the  range  rate  and  angle  rate  signal 
processing,  and  target  simulation.  The  total  modification  kit 
included  six  new  racks  of  equipment  plus  considerable  changes  to 
the  existing  Ik  racks  of  equipment,  including  relocation  for 
optimum  packaging.  Verification  of  the  changes,  using  the  target 
simulator  (which  proved  to  be  an  effective  tool  for  system  test, 
alignment  and  evaluation)  and  by  tracking  Echo  II,  showed  a 
considerable  improvement  in  track  loop  performance  and  a  3:1 
reduction  in  system  timing  Jitter.  Data  formatting  and  logic 
compatibility  were  shown  by  producing  a  test  data  tape  for  data 
reduction.  Detailed  recommendations  Include  noise  reduction 
techniques,  short  term  phase  stability  improvements,  improved 
modulation  methods,  and  system  changes  to  eliminate  system  timing 
jitter  and  to  provide  AGC. 
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EVALUATION 


The  modifications  described  in  this 
report  are  a  part  of  the  changes  incorporated 
in  the  ASFIR  system  to  provide  for  a  two  base¬ 
line  operation. 

Incorporated  in  these  changes  are  improve¬ 
ments  that  give  better  and  more  flexible  opera¬ 
tion  of  the  ASFIR  system. 

ASFIR  is  an  Air  Force  Program  to  obtain 
high  angular  accuracies  on  orbital  bodies  con¬ 
ducted  under  project  6512. 


Project  Engineer 
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SECTION  I 


INTRODUCTION 

The  contract  on  the  ASFIR  Third  Site  Wide  Band  Exciter/Data  Take  Off 
(WBE/DTO)  Modification  was  awarded  to  RCA  in  July  1965*  The  effort  to  be 
accomplished  included  the  revision  of  existing  equipments  supplied  previously 
by  RCA  to  RADC  under  contracts  AF  30(602)-2804  and  A F  30(602 )-3125.* 

The  modifications  accomplished  on  this  contract  were  necessitated  by 
the  addition  of  a  second  base  line  to  the  existing  ASFIR  system.  Included 
in  the  contract  were  the  changes  of  logic,  timing  and  hardware  Implementation 
necessary  to  be  compatible  with  the  additional  slave  site.  In  addition, 
significant  system  capabilities  were  added.  Including  Increased  unambiguous 
range  capability,  reduction  of  system  Jitter,  doppler  fine  line  correction 
and  target  simulation  equipment. 

The  basic  concept  of  the  WBE  and  its  relationship  with  ASFIR  iB 
described  in  RADC  Technical  Report  TDR-63-llb  and  supplemented  In  RADC-TDR- 
63-353  and  RADC  TR-65-I8.  These  reports  offer  a  rather  comprehensive  treat¬ 
ment  of  the  concept,  development  and  final  configuration  of  the  WBE/DTO 
complex.  These  fundamentals  were  not  altered  but  were  merely  expanded  by 
the  subject  contract. 


Effort  on  these  contracts  ended  In  July  196b  ■ 
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SECTION  II 


ORIGINAL  SYSTEM  CONFIGURATION 

Before  proceeding  with  the  discussion  of  the  modification  and  additions 
to  the  existing  equipment,  a  brief  description  of  the  original  wideband 
exciter  -  data  take  off  (WBE/DTO)  equipment  will  be  given.  For  more  design 
detail  the  reports  mentioned  in  Section  I  should  be  consulted. 

The  main  feature  of  the  original  WBE  was  the  technique  employed  to 
generate  the  linear  frequency  ramp  (FR)  for  transmission  and  the  delayed 
replica  for  correlation  (OCFR) .  The  technique  was  the  same  for  FR  and  DCFR 
except  that  the  DCFR  was  compensated  for  target  doppler.  The  linear  wave¬ 
form  was  developed  by  generating  a  staircase  frequency  waveform  by  means  of 
a  digital  oscillator  (DO),  and  the  staircase  is  filled  in  with  a  linear  saw¬ 
tooth  frequency  waveform.  The  DO  generates  frequency  Jumps  of  F,  2F,  4f 
...  64F,  while  the  fill-in  ramp  frequency  deviation  is  only  F.  The  nF 
signals  are  derived  by  digital  division  of  the  system  master  clock  frequency 
and  imposed  upon  convenient  carriers  for  mixing  and  frequency  translation. 

The  derived  waveform  with  duration  of  2400  fla  (4.8  MHz)  is  then  converted  to 
3.0  GHz  for  transmission.  Five  transmission  waveforms  are  available:  pulsed, 
CW,  4.8  MHz  (increasing  or  decreasing  frequency)  and  48  MHz  (increasing  or 
decreasing  frequency).  The  48  MHz  bandwidth  is  obtained  by  multiplying  the 
4.8  MHz  ramp  by  10.  The  DCFR  is  generated  at  the  appropriate  point  in  range 
to  supply  the  cross  correlation  reference  for  pulse  decoding.  After  cross 
correlation,  the  resultant  narrow-bandwidth  signal  is  spectrum  analyzed  by 
coherent  memory  filters.  These  integrators  supply  time  analogs  of  frequency 
which  are  tracked  by  the  WBE/DTO  servo  loops.  For  single  pulse  coherent 
memory  filter  (SFCMF)  operation,  split  gate  (EG/LG)  discrimination  is  used. 
The  targets  are  tracked  in  range,  range  rate,  angle  and  angle  rate.  Error 
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signals  proportional  to  the  energy  In  the  EG/LB  discriminator  are  used  to 
cor.'rol  the  various  VCO'a  used  in  the  range,  range  rate,  angle  and  angle  rate 
trackers . 

In  the  multiple  pulse  coherent  memory  filter  (MPCMF)  mode  of  operation, 
the  fine  line  spectrum  is  analyzed  by  a  center- of -gravity  tapped  delay  line  range 
technique  to  derive  errors  for  the  range  and  range  rate  track  loops.  The 
rate  inf  or  nation  is  obtained  by  sampling  the  position  of  the  center  fine  line 
vith  respect  to  the  system  reference  center  frequency. 

The  WBE  also  generates  all  of  the  system  timing,  such  as  pulse  repetition 
rates,  pulse  widths,  pre-trigger  and  range  gates.  The  DTO  establishes  mod* 
control  and  selection,  displays,  operator  controls  and  all  data  recording. 

Data  is  recorded  on  digital  tape  in  IBM  format . 

The  DTO  has  the  angle  and  angle  rate  servo  loop  including  the  voltage 
controlled  oscillators. 

The  general  relationship  of  the  WBE/DTO  with  the  ASFIR  system  is  shown 
in  Figure  1.  The  diagram  has  been  coded  to  indicate  changes  and  new  equipment. 


Fig  1  -  Relationship  of  the  Wide  Band  Exciter  to  the  ASFIR  System 
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SYSTEM  CHANGES 

Changes  In  the  system  are  described  in  the  following  paragraphs. 

1.  ANGLE  AND  ANGLE  RATE  TRACKER  AND  VOLTAGE  CONTROLLED  OSCILLATOR 

Addition  of  the  second  baseline  required  one  new  angle  tracker.  This 
tracking  loop  is  essentially  the  same  as  the  one  in  t£e  present  equipment  for 
the  first  base  line.  TSiere  are  two  major  differences:  (l)  the  0^  and  ©g 
VCO's  have  a  frequency  deviation  of  2.2  times  the  ©^  and  ©^  VCO's,  and  (2)  a 
single  pulse  integrator  is  included  in  the  servo  loop  for  single  pulse  mode 
only.  Figure  2  shows  the  general  block  diagram  of  this  portion. 

2.  DELAYED  COHERENT  FREQUENCY  RAMP  (DCFR)  AND  CW  LOCAL  OSCILLATOR 

To  provide  for  the  decorrelation  of  the  second  slave  site  target  echo 
return,  a  receiver  local  oscillator  signal  at  3072  MHz  was  generated.  This 
signal  is  referred  to  as  the  Angle  2  DCFR  and  has  the  appropriate  modulation, 
either  CW  or  FM  (.1  or  full  deviation)  to  decode  the  carrier  and  provide  a 
CW  IF  pulse  at  72  MHz. 

In  addition,  several  existing  CW  signals  were  needed  for  new  functions. 
In  every  case  the  distribution  was  made  by  feeding  the  existing  signal  into 
an  amplifier  capable  of  driving  up  to  five  loads  with  an  interchannel  isola¬ 
tion  of  better  than  40  dB.  This  was  done  to  minimize  any  interaction  between 
new  and  existing  equipment.  Figure  3  shows  the  block  diagram  of  this  imple¬ 
mentation. 

3.  VARIABLE  PHASE  SHIFTER 

Alignment  of  the  digital  oscillator  (DO)  had  been  done  by  changing 
lengths  of  cable  at  21  points  within  the  DO  and  observing  the  effects  upon 
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Fig  3  -  Frequency  Synthesl 


the  correlated  spectrum  using  the  Single  Pulse  Coherent  Memory  Filter 
(SFCMF) - 

For  the  modification  kit,  wide  band  phase  shift  modules  were  used  to 
replace  these  cables.  Phase  adjustment  is  now  accomplished  by  tuning  the 
capacitance  of  an  R/C  phase  shifter.  The  shielded  plug-in  module  not  „nly 
provides  phase  adjustment  but  provisions  have  been  added  for  amplitude  con¬ 
trol  as  well. 

4 .  CONTROL  CONSOLE 

The  control  console  was  modified  to  permit  selection  of  the  two  new 
modes  (9g  and  9g)  for  acquisition,  display,  Joy  stick,  meter  control,  and 
printer  readout. 

The  switches  to  permit  the  alternative  transmission  of  0.1  deviation 
and  full  deviation  frequency  ramps ,  and  doppler  fine  line  correction  were 
added . 

The  zone  and  FRF  in  use  is  shown  by  a  lamp  display  with  automatic  and 
manual  selection  of  zone  and  PRF  available. 

5.  TIMING  AND  DATA  FORMATTING 

The  timing  and  data  formatting  were  modified  and  22  new  digital  signals 
generated.  The  IBM  format  was  modified  for  optimum  packing  of  the  new  data 
words .  Additional  data  storage  for  the  9g  and  9g  data  was  also  provided . 

6.  FREQUENCY  COUNTER 

In  the  present  system  a  single  counter  was  shared  for  the  counting  of 
•  • 

the  R  and  0^  VCO  frequency.  The  modification  provides  for  two  new  counters 

a 

to  alleviate  the  necessity  of  sharing.  These  new  counters  are  vised  for 
•  • 
and  9g  with  the  old  counter  being  used  for  R. 


SECTION  IV 


SYSTEM  ADDITIONS 

In  addition  to  the  above  mentioned  changes  a  significant  part  of  the 
contract  was  devoted  to  the  design  of  techniques  to  provide  considerably 
improved  performance  and  capability.  Ihese  increases  in  capability  are 
discussed  in  the  following  paragraphs . 

1.  UNAMBIGUOUS  RANGE 

The  original  system  had  a  single  PRF  of  100  pps  with  transmitted 
pulse  widths  of  2.4  and  1.2  milliseconds.  These  parameters  limited  the 
usable  range  to  98-5  nmi  (minimum)  to  762  nmi  (maximum).  To  provide  for 
a  wider  usable  range  and  to  permit  a  more  abundant  source  of  satellite 
targets,  two  significant  changes  were  made.  The  pulse  widths  were  made 
selectable.  Three  choices  were  provided  (2.4,  .976  and  .578  milliseconds). 
In  addition  three  EOT 's  were  used  (100,  60.6,  and  65.8  pps). 

The  block  diagram  for  the  3 -PRF  Wide  Band  Exciter  System  is  shown  in 
Figure  4.  It  should  be  noted  that  the  primary  zone  and  PRF  control  is 
located  in  the  Data  Take  Off  (DTO)  System.  The  PRF  and  zone  control  shown 
in  the  WBE  (Wide  Band  Exciter)  block  diagram  are  logic  functions  making  use 
of  the  primary  controls  from  the  DTO. 

The  FR  (frequency  ramp)  and  DCFR  PRF  Counters  have  been  modified  to 
accommodate  the  three  PRF's.  This  was  accomplished  by  controlling  the 
feedback  for  each  PRF.  An  extra  6tage  was  also  added  to  each  counter. 
Depending  on  the  ERF,  the  PRF  counters  are  reset  to  a  number  (1024-N  FRF) . 

The  PRF  then  counts  the  state  of  all  "zeroes"  in  the  counter.  The  counter 
is  reset  at  this  time  to  the  number  (1024-N  ERF)  and  the  cycle  is  then 
repeated.  This  technique  makes  it  possible  to  gate  out  all  pre-triggers  with 
the  same  gating  for  all  ERF's. 


9 


FR-l'CFR 

CONTROLS 

TRIGGERS  FOR 
DTO,  TRANSMITTER 


iv 

TROL 
,  ETC 


I 


O.O.  RF  SWITCH 
CONTROL  LINES 

tttttt 


(MODIFIED') 

—  -  -  — *  ! 

STEP  PULSES _ 

DIGITAL  OSCILLATOR 

FROM  FIRG  NEST 

CONTROL 

PULSE  WIOTH  CONTROL  PULSE 


“1 


PULSE 

WIOTH 

CONTROL 


NEW  LOGICj 


R  PRF, 
FR  PRF. 


> 

> 

> 


ZERO  TIME  TRIG 


1 1.52  MHz  CLOCK 


CALIBRATION 
CONTROL  LOGIC 


NEW  LOGIC 


I 

4-H  PRF-ZONE 
RESET 
CONTROL 


I 

1—  — I 


ZERO  RANGE  TRIG 


L 


_ i 


*1  MODIFIED* 

v _ _  y 

RANGE  COUNTER 
20  BITS 


L. 


STOP  DCFR 
START  DCFR 


CONTROL  LINES 
FROM  CALIBRATE 
SWITCHES 


:k  Dlaqram  Showing  Control  and  Timing 
n 


NOTE 


SECTIONS  OF  EXISTING 
LOGIC  WH I CH  HAVE  BEEN 
MODIFIED  ARE  MARKED 

(modifiecPi 

AN  ASTERISK  DENOTES 
MAJOR  MODIFICATION. 


COARSE  RANGE 
WORD  20  BITS 
(TO  DTO) 


- 


When  changing  the  PRP  in  the  second  and  third  zone,  the  PR  PRP  must 
be  changed  before  the  DCFR  PR F  is  changed.  This  is  necessary  to  avoid  loss 
of  video  returns  and  to  synchronize  the  range  gate  with  the  shifted  video 
returns  in  the  new  PRP. 

The  basic  triggers  supplied  to  other  subsystems  are  not  changed  by 
the  additional  stage  in  the  PRP  counter  or  by  the  PRP  controlled  feedback 
in  each  counter. 

The  FR-DCPR  control  logic  and  the  digltsil  oscillator  control  have  been 
modified  to  incorporate  the  three  pulse  widths.  In  the  FR-DCPR  control 
logic,  a  transmitter  stop  pulse  must  be  generated  for  each  of  the  three 
pulse  widths.  Additional  gating  was  needed  for  the  third  pulse  width.  The 
digital  oscillator  control  logic  also  terminates  the  PR  at  different  times 
for  the  three  pulse  widths .  New  logic ,  pulse  width  control,  is  used  to  gate 
out  these  new  pulses. 

Two  other  new  signals  are  also  provided  in  this  modification.  They 
are  the  external  radar  sync  pulse  and  the  voltage  waveform  generator  pre¬ 
trigger. 

The  final  modification  to  be  discussed  is  the  range  counter.  The  entire 
word  is  counted  in  the  WBE  and  read  in  parallel  to  the  DTO.  The  range  counter 
is  pre-set  to  a  number  depending  on  the  PRP  and  zone.  At  zero  time  and  upon 
a  read  request  from  the  DTO,  the  11.52  MHz  pips  are  counted  to  the  zero  range 
trigger  which  represents  the  ambiguous  range.  The  total  number  in  the  range 
counter  then  represents  the  true  range. 

For  zone  1,  the  range  counter  is  set  to  zero  for  all  PRF's  and  the 
count  is  to  the  ambiguous  range  which  is  also  the  true  range. 


For  zone  2,  the  following  numbers  (each  of  which  represents  one  FRF 
interval)  are  pre-set  to  the  range  counter. 


PRF 

No. 

100 

115,200 

80.6 

142,628 

65.8 

175,104 

At  zero  tine  the  ambiguous  range  is  counted  to  give  true  range  on  the 
FRF  following  a  Read  Request,  the  pre-set  number  is  read  in,  and  the 
ambiguous  range  is  counted,  therefore,  true  range  is  available  on  the  FRF 
following  the  request. 

For  zone  3,  the  following  numbers  (each  of  which  represents  two  FRF 
intervals)  are  pre-set  into  the  range  counter. 


FRF 

Ho. 

100 

230,400 

80.6 

385,656 

65.8 

350,208 

The  pre-set  condition  is  determined  by  the  FRF  ZONE  iresetf  control  logic. 
This  new  logic  pre-sets  the  range  counter  on  a  FRF  to  FRF  basis. 

Storage  of  the  range  word  is  provided  in  the  WEE  and  transformed. to  the 
DTO  upon  the  read  request  signal.  Line  drivers  are  provided  for  angle  tracker 
inputs  and  data  timing  will  be  similar  to  the  present  DTO. 

The  use  of  multiple  ERF 's  required  a  change  to  the  existing  tapped 
delay  line  chassis. 

Figure  5  is  a  block  diagram  of  the  proposed  delay  line  configuration.  As 
is  shown  a  total  of  23  taps  are  necessary  to  perform  the  functions  for  all 
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TAPPED  DELAY  LINE 


three  PRP's.  The  three  outputs  from  this  chassis  are  identical  in 
gain  and  dynamic  range  to  the  existing  chassis. 

The  necessary  gain  and  balance  controls  to  assure  proper  gain  and 
error  balance  in  all  three  PRF's  are  provided  to  ensure  proper  track, 
loop  performance  and  proper  interface  with  existing  equipment.  Input 
switching  of  the  MFCMF-1  and  MFCMF-2  inputs  is  also  provided.  Hie  selected 
video  will  be  sent  to  the  DTO  for  display. 

The  section  of  the  chassis  associated  with  SFCMF  operations  remains 
identical  to  that  on  the  present  chassis. 

Minor  modifications  to  the  MTCMF  timing  logic  were  necessary  in  order 
to  accomodate  the  multiple  IRF's.  These  modifications  consisted  of  changing 
the  widths  and  positions  of  the  gated  peak  detector  enable  and  the  multiple- 
pulse  error  and  reference  enable  to  the  widths  appropriate  for  each  of  the 
three  individual  PRF*s.  Hie  appropriate  width  Is  chosen  automatically 
by  the  IRF  control  lines  so  that  in  each  PRF  the  gates  will  enable  a  fre¬ 
quency  interval  equal  to  the  IRF  and  centered  around  the  zero  error  position 
of  the  delay  tin*  output  information.  The  delay  line  taps  provided  an  the 
new  tapped  delay  line  chassis  assure  that  the  zero  error  position  of  the 
reference  output  occurs  at  the  same  position  for  all  FRF's.  As  a  result, 
the  gated  rundown  jwhlch  is  sampled  to  generate  rate  information,  is 
utilized  for  all  FRF'b  with  the  same  rundown  start  and  stop  times  as  in  the 
present  system. 

The  IRF  and  zone  selection  and  control  logic  is  required  as  a  result 
of  the  extended  range  of  operation.  The  selection  is  made  either  by  an 
operator  using  the  console  controls  or  automatically  •*  the  target  range 
approaches  an  interference  region  (see  Figure  6). 
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Fig  6  -  Zone  and  PRF  Selection  and  Control  (All 


ENCODE  TO 
6  LINES 


LAMP 

DRIVERS 


TO 

DISPLAY 


TO  TIME  WORD 

STORAGE 

REGISTER 


TO  WBE 


TO  MODE 
SELECT  LOGIC 


TO 

SIMULATOR 


n  and  Control  (All  New  Equipment) 


15 


The  Initial  selection  of  zone  and  FRF  is  made  by  the  console  operator 
by  selection  of  the  desired  zone  and  PRF  with  the  rotary  selection  switch 
on  the  meter  and  joystick  panel.  The  operator  selection  is  then  set  into 
the  system  at  the  end  of  an  integration  period.  The  zone  and  PRF  informtion 
is  held  in  a  shift  register  and  is  gated  out  upon  request  from  the  time  gate 
generator.  Outputs  are  provided  for  console  display.  The  purpose  of  storing 
the  information  in  a  shift  register  is  to  enable  automatic  switching  of  FRF's 
and  zones  while  tracking  a  target  to  provide  an  optimum  data  rate.  The  sample 
gate  generator  is  started  by  the  FR  pulse  and  continues  counting  10  kHz  timing 
pulses  and  generating  interference  detection  gates  until  a  DCFR  pulse  has  been 
received.  At  this  time  a  comparison  is  made  to  determine  if  an  interference 
zone  in  a  FRF  has  been  detected.  TVo  sets  of  comparators  are  used,  one  for 
increasing  range  and  one  for  decreasing  range ;  therefore,  if  a  comparator  output 
indicates  increasing  range  and  an  approaching  Interference  region,  a  pulse 
will  be  generated  to  step  the  zone  and  PRF  shift  register  one  position  to  the 
right.  At  the  end  of  an  integration  period,  the  shift  register  output  1b 
sampled  and  the  new  zone  and  FRF  information  is  indicated  to  the  system. 
Likewise,  if  a  comparison  is  made  that  indicates  decreasing  range  and  an 
approaching  interference  region,  the  shift  register  count  is  moved  one  posi¬ 
tion  to  the  left.  This  is  accomplished  by  connecting  the  FRF  and  zone  counter 
as  a  ring  counter  and  inserting  eight  pulses. 

Zone  and  FRF  information  is  also  accepted  from  the  analog  tape 
during  playback  rather  than  from  the  shift  register;  therefore  necessary 
control  was  provided  to  utilize  either  input .  As  shown  in  Figure  outputs 
are  provided  to  the  wide  band  exciter,  simulator,  mode  selection  logic, 
and  console  display. 


The  PHF  and  -zone  information  sent  to  the  wide  band  exciter  is 


used  to  reset  the  range  counter  to  the  minimum  range  setting  in  any  indi¬ 
cated  zone,  thus  permitting  the  readout  of  actual  range  and  eliminating  the 
need  of  converting  the  range  word  after  it  has  *>een  sent  to  the  DTO. 

2.  FINE  LINE  CORRECTION 

One  of  the  difficulties  encountered  in  the  original  ASFIR  system  was 
the  acquisition  and  lock-on  to  the  center  line  of  the  fine  line  spectrum. 
With  a  spectrum  spacing  of  100  pps  (or  24  microseconds  in  the  time  domain) 
end  a  gross  amplitude  envelope  due  to  the  2 .4-milllsecond  pulse,  the 
presence  of  noise  and  a  moving  target  made  the  selection  of  the  center  fine 
line  difficult.  An  automatic  means  of  determining  this  error  and  the 

appropriate  correction  was  developed.  Die  technique  utilizes  the  existing 
multiple  pulse  (MP)  fine  line  range  discriminator.  This  discriminator  is  a 
tapped  delay  line  in  which  the  tap  spacing  is  determined  by  the  FRF.  Three 
taps  on  either  side  of  the  center  fine  line  are  algebraically  summed  to 
develop  an  error  signal  for  range  tracking.  This  discr'-minator  is  mentally 
used  for  the  range  measurement  (Fb.  transmission);  however,  it  cm  be  used  to 
generate  an  error  detection  signal  for  the  CW  mode  (doppler).  If  the  center 
fine  line  has  been  acquired  in  the  CW  mode,  the  gross  spectrum  will  be 
symmetrical  and  the  output  of  the  discriminator  will  be  zero.  The  discrimi¬ 
nator  will  have  am  output  (the  actual  output  will  be  a  staircase  Jumping  in 
voltage  according  to  the  FRF  in  use)  that  can  be  used  to  enable  the  fine  line 
correction  signal i  The  logic  has  been  established  such  that  if  five  error 
indications  out  of  the  first  eight  integration  periods  occur,  the  correction 
is  enabled.  A  correction  is  also  enabled  if  there  are  32  error  indications 
out  of  100  Integration  periods. 
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The  block  diagram  in  Figure  7  shows  the  fine  line  correction 
system  for  range  rate.  Corrections  for  ©^  and  ©^  are  accomplished  by 
duplication  of  the  equipment  in  the  dashed  lines .  The  MP  error  signal  from 
the  range  (or  angle)  discriminator  is  applied  to  two  comparators.  One 
comparator  has  a  positive  threshold  word  applied  and  the  other 
has  a  negative  threshold  word  applied .  The  threshold  words 
are  generated  by  threshold  control  logic  which  automatically  switches 
thresholds  according  to  the  FRF  in  use.  If  the  MP  error  signal 
exceedt  either  of  the  threshold  settings,  a  pulse  is  applied  through  an 
"and"  gate  to  the  appropriate  bit  counter.  The  "and"  gates  are  also  con¬ 
ditioned  by  an  inhibit  signal  from  the  DTO  which  can  disable  the  system 
and  by  a  mode  signal  which  allows  only  threshold  crossings  which  occur  in 
the  appropriate  MP  rate  modes  to  be  applied  to  the  bit  counters.  The  bit 
counters  then  accumulate  bits  until  reset  by  the  interval  counter.  The 
interval  counter  is  arranged  to  generate  a  reset  once  each  100  occurrences 
of  the  appropriate  rate  mode.  If  32  or  more  bits  are  accumulated  in  either 
bit  counter  between  resets,  the  appropriate  correction  control  unit  is 
activated.  The  pulse  former  then  applies  a  pulse  to  the  correction  control 
units,  lhe  appropriate  correction  control  unit  then  generates  a  voltage 
step  which  will  automatically  step  the  appropriate  rate  VCO  by  an  amount 
equal  to  the  PRF  in  use.  In  the  case  of  range  rate,  the  range  rate  VCO 
step  will  cause  an  error  in  range  (in  hertz)  equal  to  the  fRF  and  the  range 
loop  will  then  pull  in  to  the  correct  range  value. 

3  •  SINGLE  PUIfiE  (SP)  INPUT  TIMING  SYNCHRONIZATION 

The  lack  of  synchronization  between  SPCMF  output  triggers  and  the  11.52 
MBs  clock  in  the  SP  timing  logic  causes  a  Jitter  of  better  than  86  ns  (70  Hz) 
in  the  gates  generated  in  the  WBE  and  the  video  used  in  the  tracking 
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discriminate)!?.  This  Jitter  causes  difficulty  in  SP  tracker  alignment  and 
errors  in  the  SP  tracker  output.  Figure  8  shews  a  synchronization 
unit  that  greatly  reduced  this  Jitter. 

The  II.52  MHz  clock  used  in  the  SP  timing  logic  is  applied  to  a  tapped 
delay  line.  The  delay  line  taps  ure  then  fed  to  a  coincidence  gate.  The 
•'  other  inputs  of  the  coincidence  gates  are  fed  by  the  SP  counter  start  pulse 
(trigger  9)  through  a  pulse  shaper  and  an  input  gate.  Upon  the  arrival  of 
the  SP  start  pulse,  coincidence  is  observed  between  the  start  pulse 
and  the  delayed  11.52  MHz  pips  at  one  of  the  coincidence  gate  inputs.  This 
gate  output  will  set  the  ajiproprlate  flip-flop,  and  this  flip-flop  output 
is  fed  back  to  inhibit  the  input  gate  and  prohibit  further  coincidence. 

The  other  side  of  the  flip  flop  sends  an  enable  through  a  delay  slightly 
greater  than  the  11.52  MHz  pulse  width  (approximately  20  ns)  to  the  associ¬ 
ated  output  gate.  The  enabled  gate  then  sends  the  properly  delayed  11.52  MHz 
pulse  train  to  the  SP  timing  logic  with  greatly  reduced  time  jitter.  Each 
output  gate  has,  in  addition  to  an  enable  input  and  a  delayed  pulse  train 
input,  an  inhibit  input  from  the  adjacent  flip  flop.  This  inhibit  prevents 
enabling  of  two  adjacent  gates  on  the  same  start  pulse. 

4.  INCREASED  FREQUENCY  RESOLUTION 

The  rate  (range,  angle  1,  angle  2)  VCO  outputs  are  available  for 
counting  for  a  period  of  100  milliseconds.  To  increase  the  frequency  resolu- 
tlon  without  increasing  the  counting  period,  each  of  these  signals  (R+  Af, 
Oj+Af  and  ©2+Af)  were  multiplied  by  five  and  then  down  converted  by  mixing 

•  t  •  •  • 

with  4R  (4©^  or  4©g)  to  produce  the  signals  R+5  Af,  0^+5  Af,  and  0^+5  Af  for 

counting. 
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1#  Puls#  Input  Timing  Synchronization 


5.  LOGIC  REVISION 

Much  logic  was  modified  but  there  are  only  a  few  areas  that  warrant  any 
particular  delineation  and  discussion. 

In  the  original  equipment  two  separate  counters  were  used  for  the  MP  and 
SP  tracking  modes.  This  has  been  combined  into  a  single  function  and  a 
logic  preference  designed  for  the  MP  mode. 

The  mode  control  logic  was  also  modified  to  permit  the  CW  transmission  wave* 
form  to  be  up-converted  by  mixing  rather  than  by  multiplying. 

The  track  loop  digital  attenuator  reset  logic  has  been  revised  to  minimize 
noise  and  transient  effects  prior  to  processing  the  target  video. 

6.  TARGET  SIMULATOR 

Hie  same  technique  employed  in  the  DCFR  counter  to  compensate  for  target 
doppler  has  been  used  to  generate  a  simulated  moving  target.  For  11.52  MHz, 
a  stationary  target  is  generated.  For  frequencies  about  11.52  MHz,  targets 
are  generated  at  slightly  different  FRF's. 

Three  S-band  outputs  are  provided  with  the  appropriate  frequency  waveform 
imposed  upon  the  S-band  carrier .  Three  types  of  orbits  have  been  approximated 
by  analog  voltage  control  of  VCO's.  These  orbits  are  100,  500  and  1000 
nautical  miles . 

The  basic  assumptions  and  design  of  the  analog  forming  voltage  are  shown 
in  Appendix  II. 
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For  the  monostatic  mode,  the  target  simulator's  R  VCO  is  imposed  on  the 


S-band  output  and  the  doppler  frequency  (f^)  is  divided  by  260  for  use  in 

the  target  generation  counter  (FR  counter  in  WBE).  In  the  bi-static  mode, 

« 

®1  or  G1  wi^  be  exercised  by  the  analog  function  generator  driving  the 
©^  VCO  while  the  ©g  VCO  will  be  at  a  fixed  frequency.  To  exercise  ©g  and  ©g, 
the  analog  function  generator  is  switched  to  the  ©g  mode. 

The  basic  140  MHz  +.1  sweep  is  obtained  by  operating  on  a  synthesized  11. 52  MHz 
in  place  of  the  master  oscillator  derived  11.52  MHz.  An  RF  switch  1b  pro¬ 
vided  to  select  the  normal/simulated  modes .  In  the  simulator  mode,  a  ERF 
counter  is  provided  to  generate  standard  FR  triggers.  IDiis  counter  is  con¬ 
trolled  for  zone  and  PRF  by  the  DTO.  The  11.52  MHz  for  target  simulation  is 
derived  by  counting  the  converted  3  MHz  +  ffl  from  the  Target  Simulator  VCO 
and  mixing  this  to  11.52  MHz.  System  operation  for  the  target  simulator  is 
the  same  as  in  the  normal  WBE  for  FR  generation,  except  that  the  target  can 
move  with  respect  to  zero  time.  The  140  MHz  +.1  sweep  is  gated  for  CW/lM 
operation  and  to  eliminate  the  DCFR  from  the  simulator  output.  Die  simulated 
target  is  delayed  by  2450  /usee  and  converted  back  to  140  MHz.  The  processing 
from  this  point  to  the  3  GHz  output  is  similar  to  the  present  S-band  conver¬ 
sion  equipment.  A  times -ten  path  and  a  times -one  path  are  provided  for 
wide  band/narrow  band  operation.  However,  no  provision  was  made  for  negative 
slope  operation  (Figure  9). 

The  control  voltages  for  the  VCC's  are  obtained  by  operational  amplifier 
and  simple  diode  voltage  forming  networks.  The  VCO's  are  similar  to  existing 
system  VCO's. 
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Fig  9  -  Target  Simulator  Block  Diagram 


The  target  simulator  provides  an  effective  means  of  evaluating  and  calibrating 
the  WBE  and  ASFIR  system.  All  subsystems  excluding  the  high  power  transmitter 
can  be  checked  by  use  of  this  simulator. 

7-  ACQUISITION  STUDY 

As  a  corollary  of  the  subject  contract,  a  study  of  acquisition  techniques  were 
made.  This  study  considered  the  acquisition  process  and  the  known  problems 
to  develop  means  for  improving  the  system  process. 

• 

Acquisition  in  R  is  relatively  easy  using  the  SPCMF;  however,  the  transfer 
to  the  MFCMF  was  difficult  because  of  the  SFCMF/WBE  Jitter  problem  and  the 
difficulty  in  selecting  the  desired  center  fine  line.  Several  ideas  were 
advanced  and  implemented  into  the  modification  kit.  TVo  of  these  items  have 
been  discussed  previously.  They  are  the  SP  input  logic  synchronization  and 
fine  line  correct.  In  addition,  intensity  modulation  of  the  console  display 
was  implemented  to  aid  the  operator  during  lock  on. 

Single  pulse  operation  was  optimized  by  inserting  a  single  pulse  integrator 
to  average  all  1 6  target  returns  instead  of  one  as  in  the  original  equipment. 
This  area  is  treated  in  detail  in  Appendix  I. 

Joystick  control  speeds  were  adjusted  using  the  target  simulator  for  the 
desired  granularity  and  response  time. 

8.  SINGLE  FUISE  OFFSET  PROCESSING 

The  capability  to  process,  track,  and  display  the  rate  parameters  was  aided 

by  frequency  multiplexing  the  return  through  the  SPCMF.  This  was  accomplished 

by  developing  two  new  frequencies:  66  MHz  +  150  kHz.  These  signals  were 
•  • 

used  to  offset  the  ©^  and  ©2  frequency  duration.  This  permitted  the  tracking 
•  •  • 
of  ©^  at  +150  kHz  and  ©g  at  -150  kHz  while  R  was  tracked  at  the  SPCMF  center 

frequency.  Figure  10  shows  this  implementation. 
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SECTION  V 


RESULTS 

The  nature  of  the  effort  performed  on  this  contract  precluded  the 
gathering  of  detailed  data  and  test  results.  Many  of  the  modifications  and 
additions  were  limited  or  restricted  in  their  outward  effect  upon  system 
performance.  Other  modifications  were  adjusted  empirically  by  using  the 
test  target  simulator.  These  changes  were  "documented"  by  observing  per¬ 
formance  and  adjusting  for  the  most  desirable  mode  of  operation.  An  example 
nf  this  was  the  variation  of  the  control  console  track  loop  7C0  slew  voltage 
controls . 

In  general,  a  large  number  of  the  changes  were  handled  this  way.  How¬ 
ever  there  are  other  areas  where  performance  of  an  individual  area  could  be 
monitored  and  data  regarding  that  area  gathered  and  recorded.  All  of  the 
data  and  results  obtained  were  a  byproduct  of  running  the  Acceptance  Test 
Plan  and  represented  a  mutual  effort  involving  RADC  and  RCA  personnel.  It 
was  found  that  the  new  target  simulator  represented  a  powerful  tool  in  the 
interrogation  of  system  problems  and  optimization  of  system  performance 
parameters . 

For  consistency  the  results  will  be  reported  in  the  same  order  as  the 
various  changes  were  described  in  Section  III,  System  Changes,  and  Section  IV, 
System  Additions . 

1.  RESULTS  OF  SYS  mi  CHANGES 

a.  Angle  and  Angle  Rate  Trackers  and  Voltage  Controlled  Oscillator 

Two  tracking  loops  were  added  for  ©g  and  ©g.  The  tracking  loop  gain  and 
Og  feed  forward  were  adjusted  for  beet  perf  ormance .  Four  new  VC  Os  were 


supplied.  The  •  2  VCO  is  centered  st  69  MHz  with  a  deviation  of  +  4  MHz. 

The  0g  VCO  is  centered  at  3  MHz  and  converted  to  69  MHz  with  a  deviation 
of  +  12  kHz.  In  addition,  the  ©1  and  ©^  VCO's  were  replaced  with  units 

a 

similar  to  the  ©2  and  ©2  VCO's.  The  center  frequencies  are  identical  but 
the  deviations  have  been  set  to  +  2  MHz  and  +  5  kHz  for  ©^  and  0^, 
respectively.  Simulated  targets  in  angle  have  been  acquired  and  tracked  by 
both  tracking  loops. 

b.  Delayed  Coherent  Frequency  Ramp  (DCFR)  and  CW  Local  Oscillator 

The  new  3072  DCFR  channel  was  installed  and  interfaced  with  the  existing 
RF  subsystem.  The  overall  system  bandwidth  of  100  MHz  was  achieved  with  a 
power  output  of  10  sH.  Spurious  signals,  after  a  desigr.  modification,  were 
better  than  40  dB  down. 

The  new  system  CW  signals  were  provided  at  the  desired  5  aW  level. 

c.  Variable  Phase  Shifter 

The  new  phase  shift  buffer  units  were  integrated  into  the  waveform 
generation  equipment  and  used  to  perform  the  DO  phase  alignment. 

d.  Control  Console 

The  modified  control  console  was  used  during  tracks  of  simulated  and 
live  targets. 

e.  Timing  and  Data  Formatting 

Evaluation  of  this  area  was  confirmed  by  using  the  modified  system  to 
produce  a  sample  data  tape  for  examination  by  RADC. 

f .  Frequency  Counter 

This  aspect  of  operation  was  verified  using  the  target  simulator. 
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2.  RESULTS  OF  SYSTEM  ADDITIONS 

a.  Unambiguous  Range 

This  area  was  evaluated  by  the  use  of  the  target  simulator  and  the 
data  paper  printer.  The  target  was  tracked  through  all  zones  and  HtF's 
while  the  range  data  was  observed  to  provide  an  unambiguous  range  read  out. 

b.  Fine  Line  Correction 

For  this  test,  an  open  loop  doppler  tracking  error  was  simulated  and 
the  frequency  of  the  subject  VCO  monitored  to  ensure  a  proper  frequency 
change. 

c.  Single  Pulse  Input  Timing  Synchronisation 

The  measured  Jitter  was  found  to  be  25  ns  or  less  for  all  FRF 's .  This 
represents  ar.  improvement  of  better  than  3:1  in  the  reduction  of  system 
Jitter . 

d.  Increased  Frequency  Resolution 

The  performance  in  this  area  was  verified  by  signal  substitution  and 
the  data  paper  printer. 

e.  Logic  Revision 

All  logic,  both  modified  and  unmodified,  were  evaluated  by  performance 
on  live  and  simulated  targets . 

f.  Target  Simulation 

The  3000  MHz  outputs  were  measured  for  power,  bandwidth  and  spurious 
slope  over  the  target  simulator  VCO  frequency  deviations. 

The  3000  MHz  outputs  yielded  power  of  from  25  to  8  mW  with  each  having 
40  dB  (nominal)  of  available  attenuation. 
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System  bandwidth  of  jloO  MHz  with  loss  than  0.5  dB  ripple  wara  achieved . 
The  spurious  output,  after  modification,  was  36-40  dB  down. 

The  VCO's  ware  calibrated  to  provide  the  proper  frequency  deviation 

a  a 

for  each  test  node:  R,  ©1#  ©g,  ©^,  and  ©g.  Range  was  evaluated  by  observing 
that  a  smoothly  moving  test  target  was  generated. 

g.  Acquisition  Study 

Results  of  this  study  are  Included  In  Subsection  8  at  Section  IV. 

h.  Single  Pulse  Offset  Processing 

The  performance  of  this  modification  was  evaluated  using  the  target 


simulator  and  live  targets 


SECTION  VI 


RECOMMENDATIONS 

As  would  be  anticipated  from  an  experimental  program  undergoing  test 
and  evaluation,  several  design  changes  would  improve  the  performance  of  the 
WBE/DTO.  The  recommendations  can  be  considered  as  those  particular  to  the 
WBE/DTO,  and  those  primarily  concerned  with  the  ASFIR  system.  However,  since 
the  WBE/DTO  is  so  uniquely  related  to  the  complete  system,  any  change  in 
system  design  will  most  likely  result  in  some  modifications  to  the  WBE/DTO 
complex. 

1.  WBE/DTO 

These  recommendations  are  of  a  specific  nature,  usually  concerning  a 
single  unit  or  chassis. 

a .  Range  VCO 

The  Range  VCO  is  presently  mounted  on  a  module.  It  is  recoomended  that 
this  unit  be  placed  on  a  chassis  and  have  an  oven  added  to  improve  the  long 
term  stability. 

b.  T  ack  Loop  Noise  Reduction 

Presently  the  servo  amplifiers  and  track  loop  functional  operations  are 
modularized  and  located  in  module  nests.  It  is  suggested  that  all  six  track 
loops  be  placed  on  chassis  with  their  respective  VCO.  This  would  eliminate 
the  nest  wiring  problems  and  should  result  in  better  operation. 

c.  Removal  of  Phase  Locked  Oscillator  (FLO) 

The  DO  uses  active  filters  (FLO's)  to  eliminate  unde  sired  harmonics  in 
the  DO  mixing  for  staircase  generation.  As  a  means  of  improving  the  short 


term  phase  stability  the  reaoval  of  the  1 6  presently  used  PLO's  and  the 
use  of  l£  crystal  filters  Is  recommended.  This  would  Improve  the  min¬ 
ts  Inability  of  the  WBB  and  reduce  the  short  term  stability  to  passive  rather 
than  active  elements. 

d.  Improved  Broadband  Mixers 

Since  the  WBE  was  first  built,  the  technology  has  advanced  In  the 
development  of  diodes  and  balanced  transformers  for  use  In  the  double 
balanced  diode  bridge  modulators.  There  are  several  areas  In  the  frequency 
region  of  95  to  140  MHz  where  the  new  hot  carrier  diodes  would  provide 
Improved  performance.  As  an  example,  Hewlett  Packard  now  has  a  balanced 
mixer  module  available  that  has  extraordinary  characteristics  over  this 
frequency  region. 

e .  Calibration  Mode  Changes 

There  are  three  changes  to  the  calibration  subsystem  that  would  improve 
performance.  First,  the  gating  function  for  the  target  simulation  should  be 
performed  by  a  balanced  diode  switch  (Sanders  1)6  11)  instead  of  the  existing 
(Sanders  D6  201)  single  balanced  switch  to  remove  the  gating  pedestal. 

e 

Second,  the  new  target  simulator  should  be  modified  to  Include  a  VCO  for  0. 

e 

This  would  Increase  the  long  term  stability  of  the  simulator  0  signal.  This 
Is  Important  because  of  the  use  of  rate  feed  forward  In  the  tracking  loops. 
Finally,  a  3 -MHz  VCO  capable  of  deviating  at  least  +1500  Hz  should  be  sdded. 
This  oscillator  would  be  used  to  calibrate  the  8FCMF  and  the  WBE  single 
pulse  discriminator . 


f .  Angle  VCO  Decreased  Deviation 

The  specified  angle  VCO  deviation  for  the  second  base  line  site  was 
+4  MHz  vlth  a  center  frequency  of  69  MHz.  However  in  actual  use,  only  half 
this  deviation  is  ever  used  unless  the  frequency  slope  of  the  transmitted 
waveform  is  changed  from  positive  to  negative.  Since  the  system  primarily 
operates  in  the  positive  mode,  the  deviation  could  be  recentered  to  71  MHz 
+  2  MHz.  This  would  yield  at  least  a  2:1  increase  in  stability  of  the 
angle  VCO. 

2.  ASFIR  SYSTEM 

a.  SFCMF/WBE  Timing  Jitter 

As  mentioned  previously,  a  significant  reduction  of  system  Jitter  was 
accomplished  by  the  addition  to  the  SP  input  logic.  However,  it  was 
ascertained  during  system  testing  that  perfect  coherence  could  be  obtained 
by  using  a  clock  derived  from  the  SFCMF.  Basically,  this  signal  should  be 
a  multiple  of  l/BW  of  the  SFCMF  and  should  be  as  close  to  the  present  WBE 
U.92  MHz  clock  as  possible  to  minimize  logic  changes.  If  this  change  were 
implemented,  all  SP/WBE  Jitter  would  be  removed  and  this  vould  facilitate  SP 
acquisition  and  lock-on. 

b.  Active  Compensation  of  !hase  and  Amplitude  Distortion 

The  present  waveform  generation  equipment  is  capable  of  compexmating 
for  doppler  and  of  being  aligned  in  phase  to  accomplish  an  optimized  corre¬ 
lated  spectrum.  Based  upon  receiving  this  idealized  rectangular  CW  pulse, 
cosine  squared  exponential  weighting  is  applied  in  the  coherent  memory 
filters  to  reduce  the  time  side  lobes.  However,  the  effectiveness  of  this 
weighting  Is  proportional  to  the  system  time  bandwidth  product  and  to  any 
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amplitude  and/or  phase  perturbations  experienced  by  the  pulse  before 
correlation. 

For  the  ASFIR  case,  the  time-bandwidth  product  is  high  enough  for  the 
first  assumption  to  be  true;  however,  no  compensation  has  been  considered 
for  the  amplitude  and  phase  distortion  experienced  at  wideband  prior  to 
correlation.  The  DCFR  generation  provides  a  possible  method  to  introduce 
this  phase  compensation,  but  there  apparently  is  no  convenient  place  to 
insert  the  amplitude  modulation  except  in  the  receiving  channel.  Further 
study  would  be  required  in  this  area  prior  to  implementation  to  achieve 
the  best  overall  result. 

c.  Receiver  Automatic  Gain  Control  (AGC) 

To  normalize  changes  in  target  amplitude  due  to  target  size  and  range 
variation,  a  slow  AQC  should  be  added  to  the  receiver.  The  present  WBE 
amplitude  word  could  be  used  with  a  digital  comparator  to  derive  the  AQC 
servo  signal.  The  gain  controlled  unit  could  then  either  be  the  69  MHz  IF 
amplifier  or  a  voltage  variable  attenuator  in  lories  with  the  IF  amplifier. 
This  would  be  most  beneficial  in  the  angle  channels,  where  an  additional 
amplitude  variation  is  encountered  because  of  slave  site  pointing  errors. 
Timing  of  the  amplitude  samples  and  gain  settings  would  be  made  synchronous 
vlth  the  present  mode  logic  (integration  period  basis)  to  prevent  gain 
changes  during  any  given  mode. 


APPENDIX  I 


TRACKING  LOOP  DSSIOK  FOR  ASFIR  THIRD  8ITE 

The  following  assumptions  were  used  in  the  design  of  the  ASFIR  tracking 
loops: 

1.  Doppler  end  angle  rate  measurements  will  always  he  made  on  the  CW 
pulses. 

2.  Range  and  angle  will  be  measured  on  the  FM  pulses. 

3.  At  least  three  out  of  six  CW  pulses  will  be  equally  spaced. 

4.  Range  will  not  be  measured  in  1/10  ramp  while  angles  are  measured 

in  full  ramp.  ' 

3.  Range  must  operate  in  full  ramp  while  angles  are  in  1/10  ramp. 

6.  At  least  two  out  of  six  pulses  will  be  reasonably  spaced  for 
range  measurements. 

Based  on  the  foregoing  assumptions,  the  number  of  data  measurements  for 
each  parameter  for  the  various  conditions  will  be  as  shown  below: 


Parameter 

Range  in 

1/10  ramp 

Range  in 
full  ramp 

Range 

3 

2  or  3 

Doppler 

3 

3 

Angle  #1 

3 

1  or  3 

Angle  #2 

3 

1  or  3 

Angle  rate  #1 

3 

3 

Angle  rate  #2 

3 

3 
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Baaed  on  the  foregoing  tabulation,  the  design  PRF  for  each  parameter 


will  be  as  shown  below: 

Parameter 
Range 
Doppler 
Angle 
Angle  rate 


Design  FRF 

3  In  1/10  ramp,  2+  In  full  ramp 

3 

1  or  3  svitchable  In  full  ramp,  3  In  1/10  ramp 

3 


It  Is  necessary  to  have  a  second  order  tracking  loop  to*  keep  the  target 
dynamic  errors  to  a  minimum .  It  is  assumed  that  dynamic  errors  are  larger 
than  thermal  noise  errors  so  that  the  track  loop  bandvidths  should  be  as  vide 
as  possible  consistent  with  good  stability. 


1.  MULTI FUE  RJLSE  COHERENT  MEMORY  FILTER  (MFCMF)  OPERATION. 

In  the  MFCMF  mode,  the  parameter  errors  are  measured  at  the  above  PHF 
rates  and  then  sampled  and  held  until  the  next  error  measurement.  A  sample 
and  hold  circuit  is  a  zero  order  hold  circuit  and  it  has  a  transfer  function 
of: 


oH(s)  - 


e  ~s/frf 


Slp  2~PRF 


It  the  PRF  varies,  even  only  slightly,  its  average  value  should  be  used 
in  the  transfer  function.  Og(S)  for  a  FRF  of  1,  2  and  3  are  shown  in 
Figure  11.  A  second  order  track  loop  will  have  an  open  loop  transfer  function, 
Gj(8 ) ,  given  by  (exclusive  of  the  hold  circuit): 


0t(8) 


Ka  <8/Si  + 


8 


For  good  stability,  a  rule  of  thumb  value  of  <0a  should  be: 


uco 

CJ  **  — — • 
a  JlO 


and 


o, 


co 


m 


Where  CJ  is  the  open  loop  crossover  (gain  ■  0  dB)  frequency  of  the 

CO 

tracking  loop. 


Therefore : 


oT(s) 


<~bo2 


0^(8  )  is  plotted  in  normalized  form  in  Figure  12.  For  good  closed  loop 
response,  a  servo  should  have  a  phase  margin  (amount  the  open  loop  phase  is 
above  -180°  when  gain  •  0  dB)  of  30°  or  above  and  a  gain  margin  (amount  the 
gain  is  below  0  dB  when  the  open  loop  phase  is  -180°)  of  6  dB  or  above.  From 
Figures  12  und  13 .  vhe  maximum  value  of  f  that  can  be  realized  and  still 
meet  the  gain  and  phase  margin  criteria  is  about  0.2  FRF.  For  this  value  of 
t  Q,  the  gain  margin  is  11  dB  and  the  phase  margin  is  1(0°,  both  of  which  are 
close  enough  to  the  desired  values.  Figure  12  shows  the  open  loop  and  closed 
loop  characteristics  for  a  servo  loop  with  an  open  loop  crossover  of  0.2  IRF. 
Therefore,  the  various  servo  loops  should  be  implemented  to  the  following 
transfer  function: 


oT(s) 


0.525 (mr)2  jfofen  (i- « -a/FR?) 
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Exclusive  of  the  sample  and  hold  circuit,  the  transfer  function  should  be 


o'T(s) 


PRF  •  1 : 


G’X(S) 


PRF  ■  2: 


g’t(s) 


PRF  -  3: 


g't(s) 


O.^kj(PRF)2  [  1 


s2 

0.525 

(  3  1  l) 

U.391  X) 

s2 

2.10 

(oTTBk  +  X) 

s2 

M25 

/  S  A 

U-3-7  4  7  -  .. 

2.  SINGLE  PUISE  COHERENT  MEMORY  FILTER  (SPCMF)  OPERATION 

In  the  SPCMF  mode,  a  burst  of  pulses  is  transmitted  for  measurement  of 
the  corresponding  coordinate  and  a  single -return  error  estimate  is  made  on 
each  return.  The  number  of  pulse  bursts  is  the  same  as  for  the  MFCMF  mode. 
It  is  desired  to  use  the  average  error  over  the  burst  for  tracking  purposes. 
There  are  three  methods  that  could  be  used  to  implement  this  averaging 
process : 


1.  Smooth  the  output  of  the  single  hit  error  estimator,  convert  this 
average  error  to  digital  at  the  end  of  the  burst,  and  hold  this 

m 

digital  number  in  the  corresponding  D/A  converter  of  the  servo. 
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2. 


In  each  servo,  feed  the  single  hit  errors  out  of  the  D/A  converter 
Into  an  integrating  amplifier,  reset  the  D/A  at  the  end  of  the  pulse 
burst,  and  use  the  integrator  output  as  the  servo  amplifier  input 
between  pulse  bursts . 

3.  Widen  the  servo  bandwidth  during  the  pulse  burst,  allow  the  Bervo 

to  settle  to  a  new  velocity,  and  switch  to  coast  between  pulse  bursts . 

The  third  technique  reduces  the  servo  to  essentially  a  first  order  track  loop 
and  increases  the  influence  of  the  pulses  near  the  end  of  the  burst.  Another 
disadvantage  of  the  third  technique  is  the  difficulty  in  analyzing  the  track 
loop  set-up  required  for  this  type  of  operation. 

The  Lrst  and  second  techniques  give  about  the  same  servo  performance. 

The  second  technique  requires  correction  for  the  error  buildup  during  the 
integration  period.  The  first  technique  could  be  implemented  with  three 
averaging  circuits  while  the  second  approach  requires  Bix  circuits.  From  an 
overall  system  point  of  view,  the  first  approach  would  be  the  best  but  it 
will  be  the  hardest  to  implement.  The  configuration  in  Figure  14  iB 
suggestrd  for  the  SFCMF  operation. 

The  EG/LG  inputs  to  the  SFCMF  error  detector  are  reversed  to  compensate 
for  the  integrator  inversion  of  the  averaging  circuit.  The  integrator  output 
increases  linearly  during  the  pulse  burst  and  an  appropriate  gain  increase 
must  be  made  in  the  loop  gain.  Ibis  gain  increase  varies  from  12/11  (FRF  -  1) 
to  4/3  (FRF  »  3).  It  is  suggested  that  the  gain  be  set  at  1.2  for  all  HIF 
values  as  this  matches  the  required  gain  values  within  +  1  dB.  The  integrator 
must  be  dunked  at  the  beginning  of  the  pulse  burst.  This  dunk  pulse  should  be 
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Fig  14  -  Suggested  Configuration  for  SPCMF  Operation 


less  than  5  ms  in  duration.  At  the  end  of  the  pulse  burst,  the  integrator 
input  must  be  switched  to  the  designated  position  or  the  D/A  converter  must 
be  reset  to  zero  output.  Tfcking  into  account  the  1.2  to  1  gain  increase,  the 
RC  time  constant  of  the  Integrator  should  be  0.14  seconds.  Assuming  a  IK 
dunk  impedance,  the  value  of  C  must  be  less  than  1  /IF.  Therefore  R  should  be 
either  133K  or  1U7K  with  C  »  1/iF;  133K  is  vised  for  all  parameters  except 
angle  and  147K  is  used  for  angle.  The  rest  of  the  servo  amplifier  will  remain 
unchanged. 
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APPENDIX  II 


TARGET  SIMULATOR  ORBITAL  CALCULATIONS 

The  following  simple  model  was  used  to  develop  the  orbital  trajectories 
used  in  the  target  simulator.  The  res  ucs  were  used  to  design  analog  wave¬ 
forms  that  were  used  to  deviate  voltage  controlled  oscillators. 

The  three-site  configuration  is  shown  in  Figure  15  with  an  orbital  path 
halfway  between  Slave  Site  2  and  the  Master  Site  (R1  »  R,,  for  t.11  points  on 
the  proposed  orbital  path) . 

The  function  (range  from  target  to  the  Master  Site)  can  be  approxi¬ 
mated  by  the  following  equation: 

R.  -  R  -  R  cos  (Jt 

A  O  “ 

then 

R^^  -  RrW  sin  Oft  which  yields  the  target  doppler  f d 
2fm 

f  d  -  (R aOf  sin  Of t) 

where 

o 

fT  ■  Transmitter  frequency:  3  x  10  Hz 

□ 

C  ■  Speed  of  light:  3  x  10  m/s 

The  method  of  implementation  for  the  target  simulator  (Figure  16)  intro- 
duces  the  simulated  range  rate  movement  at  11.52  MHz.  The  R  VCO  is  centered 
at  33  MHz  vith  a  total  deviation  of  150  kHz  which  represents  the  maximum 
doppler  for  200-nmi  circular  orbit  satellites  for  a  transmitted  frequency  of 
3  GHz.  This  means  that  the  deviation  at  11.52  MHz  must  be 

n'?2  x  i°  x  150  kHz 
3  x  10* 
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Fig  IS  -  Three  Site  Configuration 
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3  GHz 


Fig  16  -  Target  Simulation  Block  Diagram 


This  deviation  has  been  approximated  to  an  acceptable  degree  of  accuracy 
by  dividing  150  kHz  by  260. 

The  target  PRF  generator  is  a  high  spteed  counter  that  yields  a  train 
of  constant  frequency  puises  for  an  input  of  11.52  MHz  and  yields  pulse 
trains  of  varying  frequency  for  input  frequencies  about  11. 52  MHz. 

Graphs  of  range  versus  time  (Figure  17)  and  range  rate  versus  time 
(Figure  18)  have  been  made  for  circular  orbits  with  altitudes  of  100,  $00, 
and  1000  nautical  miles.  Figure  18  also  shows  the  sine  wave  approximation 
used  in  the  analog  function  generator  for  the  Target  Simulator  R  VCO. 

Since  the  system  has  two  slave  sites  the  appropriate  frequency  modula¬ 
tions  must  be  developed  for  the  other  two  simulator  outputs. 

For  the  path  selected,  that  is  perpendicular  to  a  line  Dg  between  the 
Master  Site  (MS)  and  the  Slave  Site  2  (SS2)  and  half  way  between  the  MS  and 
SS2,  the  range  difference  between  the  MS  and  SS2  is  given  by 


■  I 

and  the  frequency  ^ 

f  m  Ta  O  where  a  ■  ramp  slope  in  Hz/s 
W1 2  W12 

for  this  path  R2  “  Ri 


For  the  other  orbital  path  supplied  by  the  target  simulator  halfway 

between  the  MS  and  SSI,  the  same  deviation  holds  and  the  expression  for 

fQ  becomes 
In 
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TIM€  (SECOK! 
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TIME  (SECONDS  FROM  ZENITH) 


4 


't 


J 


* 


For  this  system  Dn  »  6.25  nmi  and  13*5  nmi 

k  5 

CX“  2  X  10  Hz/s  or  2  x  10^  Hz/s 

This  has  been  implemented  by  using  a  switchable  voltage  divider  to 
supply  the  appropriate  control  voltage  to  a  VCO.  This  VCO  has  been  desig¬ 
nated  as  the  offset  VCO  and  is  centered  at  69  MHz.  The  configuration  for 
the  two  angle  outputs  is  shown  in  Figure  19- 

The  angle  rate  variation  is 

«12  *  \ ~  <V“l>  "  0 

For  the  first  orbital  path  assumed,  the  relationship  involving  the  MS 
and  SSI  can  be  derived  by  considering  that  the  target  occurring  at  the  MS  is 
the  same  as  at  the  SS  except  that  it  is  delayed  by  an  amount  of  time  equal 
to  the  time  that  the  satellite  takes  to  go  the  base  line  distance  •  Let 
x  be  this  time  delay,  then 

R3  "  Ro"Ra  cos  CJ^t'  V 

and 

R3  «  Rtdsin  6J(t-  fx) 

Tq13  *  £  (r3+d3-r1) 

-  i  [D3+K0-Ra  cos  0J(t-  Tx)  _Ro0(  Ra  cos  Wt] 

1  r  CJTx  ,  LJ7*x>i 

.  i  [D3-2Ra  Bin  sin  (wt-  )J 

.  ^[D3-2Ra  sin  sin  (ut- 
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which  can  be  generalized  to 


^  Dn-  2Ra  ein  Bin  (ut  - 


f  m  can  also  be  obtained  as  above  and  is 
13 


4fT  CJ7 'x 

fg  *  -g—  RftW  (Bin  —g — )  cob  (tot 


.rsiui) 


DTX 

Since  — n —  io  very  small  f  and  fQ  can  be  approximated  by 

In  In 


ac, 

fQ  -  — Q 

wln  c 


n  / ,  Ra  ^7* x  J 

1-  - s -  sin  Ut 


x  v 


where  v  -  satellite  velocity 


n 

c  0^ 

”o  “  c 

In  C 


1- 


\0J 


Bin  Ult 


•) 


and  fQ  is 
In 


fA  -  2CJ2 


Vs 


'In 


Tx  COB  ut 


ZU  fT  B»  °n 
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1  IS-  ABSTRACT  I 

Changes  and  additions  vere  made  to  the  two-site  Active  Swept  Frequency  Inter¬ 
ferometer  Radar  (ASFIR)  to  provide  three-site  capability.  Addition  of  the  second 
base  line  (3rd  Site)  required  a  new  angle  tracker,  timing  and  logic  modifications, 
new  mode  selection  logic  and  revised  data  formatting.  Distribution  and  generation 
of  new  RF  signals  were  also  required.  Hew  capability  designed  into  the  modifica¬ 
tion  program  included  extended  unambiguous  range  tracking  to  3^00  nmi,  reduction 
of  system  timing  jitter,  frequency  multiplexing  of  the  range  rate  and  angle  rate 
signal  processing,  and  target  simulation.  The  total  modification  kit  Included 
six  new  racks  at  equipment  plus  considerable  changes  to  the  existing  lb  racks  of 
equipment,  including  relocation  for  optimum  packaging.  Verification  of  the 
changes,  using  the  target  simulator  (which  proved  to  be  an  effective  tool  for 
system  test,  alignment  and  evaluation)  and  by  tracking  Echo  II,  showed  a  con¬ 
siderable  improvement  in  track  loop  performance  and  a  3  si  a  eduction  in  system 
timing  jitter.  Data  formatting  and  logic  compatibility  were  shown  by  producing 
a  test  data  tape  for  data  reduction.  Detailed  recommendations  include  noise 
reduction  techniques,  short  term  phase  stability  improvements,  improved  moaula 
tion  methods,  and  system  changer  to  eliminate  system  timing  jitter  anu  to  provide 
AGC. 
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